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Abstract:
The dams in the Belgrade Lakes Region of central Maine control water
flow of the six main ponds in the watershed. This project simulated
historical water levels of these ponds and analyzed what surface area of
land maybe have been exposed before the dams were constructed. Our
simulation resulted in a 57.7% decrease in surface area of the ponds
compared to current surface area. However, it is likely that the change
we found is an overestimate because we used dam hydraulic height to
calculate the change in water level instead of the actual water height.

Introduction:
The Belgrade Lakes Region in central Maine consists six large ponds:
East Pond, North Pond, Great Pond, Long Pond, Salmon Pond, and
Messalonskee Lake/Snow Pond. These ponds are separated by dams.
Dam managers allow water to build up during the summer and then open
the various dams to draw down the lake in the Fall in preparation for
Spring snow melt. The purpose of this project was to simulate historical
water levels of the Belgrade Lakes before construction of dams and
investigate what area of land that is currently covered by water may have
historically been exposed.
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Methods:
We used ESRI’s ArcGIS v9.3 (ESRI) software to perform the analysis.
Bathymetry data were interpolated from lake depth measurements from
Maine PEARL (2010) and depth measurements taken by Whitney King in
the Colby College Chemistry Department. A subset of points was
selected from all points and the data were interpolated using kriging to
create a final bathymetry layer. Layers for the Belgrade Lakes
watershed, impoundment (dam) locations, and elevation data were
obtained from the Maine Office of GIS (2010).
Our analysis focused on two main questions: What was the size of each
pond before its respective dam was built? How much land may have
historically been exposed? In order to model historical water levels of
each pond, we simulated lowering the elevation of each pond according
to the hydraulic height of each dam. This was performed using a
conditional statement in Map Algebra. We subtracted the hydraulic
height of the dam from the bathymetry measurements for each pond in
order to estimate the new boundary of the pond at its simulated historical
water level.
To carry out the final analysis of the area of land that may have been
historically exposed, we calculated the number of pixels in the exposed
land area and multiplied this number by the corresponding area of each
pixel (100 square meters) to find the actual measurement each pond and
the exposed land after dam removal.

Discussion:
After simulating historical water levels of the Belgrade Lakes, there was
a significant decrease in surface area of all of the ponds. This resulted
in a total land area exposure of 34,522.4 km2 (Table 1). The Belgrade
Lakes Region is widely used for recreation and important to the local
economy of central Maine. Many people built houses on the current
shoreline after the dams were constructed.
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Figure 1. Belgrade Lakes watershed as it currently exists with all
dams in place.

Figure 2. Belgrade Lakes watershed at simulated historical water
levels.
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Table 1. A table showing the surface area of the ponds before and after simulated
restoration of historical water levels, and the percent change in surface area of the
ponds.

Pond
North Pond
East Pond
Snow Pond
Long Pond
Great Pond
Salmon Pond*
Total
*Ellis Pond Dam

Before (km2)
10,243.3
6,949.3
14,937.3
10,327.2
34,530.8
4,702.3
81,690.2

After (km2)
4,419.1
4,357.4
9,874.6
6,322.2
20,500.7
1,693.8
47,167.8

Exposed
(km2)
5,824.2
2,591.9
5,062.7
4,005.0
14,030.1
3,008.5
34,522.4

%∆
56.9
37.3
33.9
38.8
40.6
64.0
42.3

These are preliminary results, and additional research is required to
improve the model. One of the limitations of this study is that we did not
have bathymetry data for the streams and rivers in the Belgrade
watershed and therefore, we could not account for these in our analysis.
Specifically, inclusion of bathymetry data for Belgrade and Serpentine
Streams in our analysis could potentially impact our results. We did not
know the exact height of each dam and importantly, by using hydraulic
dam height, we did not calculate the true change in water levels.
Additionally, because of the short duration of this investigation we were
not able to collect our own data and had to rely on secondary sources.
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Results:
Figure 1 shows the current water levels of the Belgrade Lakes. The total
surface area of the ponds as they exist today is 81,690.2 km2 (Table 1).
Figures 3-8 show the simulated historical water level of each individual
pond. Great Pond had the greatest total change in surface area; the
pond’s current surface area is 34,530.8 km2. Our simulation revealed
that historical surface area of the pond may have been 20,500.7 km2,
thereby exposing14,030.1 km2 of land (Table 1). However, Salmon Pond
had the greatest percent change (64%) in surface area after simulation
(Table 1). Figure 2 shows the Belgrade Lakes watershed with all dams
removed and the resulting land area exposed. After simulated
restoration of historical water levels, the surface area of the ponds was
47,167.8 km2 with 34,522.4 km2 of land exposed (Table 1). The total
percent change in surface area of all the ponds was found to be 42.3%
(Table 1).

A similar study was conducted by Mallory Young in 2005. Young also
used hydraulic heights of the dams to model the restoration of dams to
historical water levels. The results of her study revealed that there
would be a 12 to 43 % change in surface area of the ponds (Young
2005). Our analysis revealed similar findings, although our range had a
lower minimum value and higher maximum value, with 33.9-64.0%
(Table 1). This may have been because we used different dam heights
to calculate the change in water level of the ponds. Additionally, our
bathymetry data were interpolated using different data than Young’s.

Figure 3. East Pond at simulated
historical water level and the resulting
land area exposed.

Figure 4. North Pond at simulated
historical water level and the resulting
land area exposed.

Figure 5. Great Pond at simulated
historical water level and the resulting
land area exposed.

East Pond Dam

East Pond Dam

North Pond Dam

Snow Pond Dam

Snow Pond Dam

Great Pond Outlet Dam

Great Pond Outlet Dam

Ellis Pond Dam

Long Pond Storage Dam

Long Pond Storage Dam

±

Dam Site
Land exposed after removal
1

2

Long Pond Storage Dam

Legend

Legend

0

Snow Pond Dam
Great Pond Outlet Dam

Ellis Pond Dam

Ellis Pond Dam

4

6

8

Acknowledgments:
We would like to acknowledge the following people. We would like to
thank Peter Kallin from the Belgrade Regional Conservation Alliance,
Bruce Rueger of the Colby College Geology Department, Roy
Bouchard from the Maine Department of Environmental Protection,
Whitney King of the Colby College Chemistry Department, the Maine
Office of GIS, Philip Nyhus of the Colby College Environmental Studies
Program, and Manny Gimond, Colby College GIS & Quantitative
Analysis Specialist for their assistance in helping to find and analyze
data.

East Pond Dam

North Pond Dam

North Pond Dam

Conclusion:
Simulation of historical water levels in the Belgrade Lakes suggests
that the surface area of the ponds may have been significantly smaller
than they exist today. Great Pond was found to have the greatest
amount of land exposed at its simulated historical level, but Salmon
Pond had the greatest percent change in surface area. The total
amount of land area exposed after simulating historical levels of the
ponds was found to be 34,522.4 km2, a 42.3% change from today
(Table 1), but caution should be exercised in using this data until the
model is refined.
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Figure 6. Long Pond dam at simulated
historical water level and the resulting
land area exposed.

Figure 7. Ellis Pond at simulated
historical water level and the resulting
land area exposed.

Figure 8. Snow Pond at simulated
historical water level and the resulting
land area exposed.
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